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Global Ecological and Natural Resource Significance!

Largest contiguous
deciduous broadleaf forest
in the world!
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THE MIDTHE MID--ATLANTIC ATLANTIC 
INTEGRATED ASSESSMENTINTEGRATED ASSESSMENT

MAIA Team
US Environmental Protection Agency
701 Mapes Road
Fort Meade, MD  20755-5053
phone: 410-305-2749
fax: 410-305-3095

Stream ConditionStream Condition

? Both fish and insect indices indicate over 
25% of Highland stream miles are in poor 
condition.

? Bird index showed 21% of Highlands in 
poor condition.

Biological ConditionBiological Condition

? Biological systems are stressed 
throughout the region.
– Labels of FAIR to POOR describe more 

than half of the region.

Ranking of StressorsRanking of Stressors

Threatened Streams and Habitat!
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Defining the Science Agenda

We need a scientific foundation for the We need a scientific foundation for the 
[holistic] integration of environmental and [holistic] integration of environmental and 
socioeconomic data and models in public policies…  socioeconomic data and models in public policies…  

BuildBuild Socio-econ/env integrator



??EmergyEmergy is the availability of is the availability of 
energy of one kind that is used energy of one kind that is used 
up in transformations directly up in transformations directly 
and indirectly to make a product and indirectly to make a product 
or service.or service.

??EmergyEmergy of something is found of something is found 
by summing the inputs from the by summing the inputs from the 
network of connecting inputs. network of connecting inputs. 

Approach:  Energy Systems 
Analysis



1000kcal1000kcal
(4.2x10(4.2x1066 J)J)

180 kcal180 kcal
(7.5x10(7.5x1055J)J)

1 kcal1 kcal 120,000 kcal120,000 kcal
(5x10(5x1088J)J)

ENERGY:ENERGY:

EmERGYEmERGY:: 225x10225x1077seJ/yrseJ/yr 235x10235x101010seJseJ



SOLARSOLAR

FORESTFOREST

FUELFUEL

PRODUCTIONPRODUCTION

PEOPLEPEOPLE
&&

HOUSEHOLDHOUSEHOLD

MARKETSMARKETS
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Landscape Analyst

ANALYSIS                             COMPARISON

Study Area Selection

Landscape Indicator 
Analysis

Water Quality 
Analysis

Wildlife Habitat 
Analysis

Land Use Change 
Model (Choice)

Interactive 
development potential 

model

Interactive delineation 
of change

OR



Primary Analytical Tools
US EPA Office of Research and 

Development’s  Ecological 
Assessment of Mid-Atlantic Approach

West Virginia University’s 
Watershed Characterization and 

Modeling System
GeographicalGeographical
InformationInformation

Systems (GIS)Systems (GIS)

Penn State University’s 
Cooperative Wetlands Research Center

THE MIDTHE MID--ATLANTIC ATLANTIC 
INTEGRATED ASSESSMENTINTEGRATED ASSESSMENT

MAIA Team
US Environmental Protection Agency
701 Mapes Road
Fort Meade, MD  20755-5053
phone: 410-305-2749
fax: 410-305-3095

EPA’s Mid Atlantic Integrated Assessment



Landscape Analyst Models,Tools, IndicatorsLandscape Analyst Models,Tools, Indicators



Case Example 1 : Mountain Top Mining

Case example-Mining in the Highlands
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Identify site and issue specific 
social, economic, and ecological endpoints

Case example-Mining in the Highlands



Draft PEIS Study AreaDraft PEIS Study Area



19151915193719371950195019991999PermitsPermitsFuture Future 

9,000,000

Forest Change 1915 Forest Change 1915 -- FutureFuture



Impact of Mining Activities on National % Forest RankingImpact of Mining Activities on National % Forest Ranking

1999 Baseline Conditions1999 Baseline Conditions

>= 89%>= 89%

< 89%< 89%

Percent ForestedPercent Forested

Permitted Mine SitesPermitted Mine SitesFuture Mining ScenarioFuture Mining Scenario



Good/ excellent Average Poor

Bird Community Index in WV Study Area
Land use scenario #1: NLCD baseline

Bird Community Index in WV Study Area
Land use scenario #2: Recorded Permits

Bird Community Index in WV Study Area
Land use scenario #3: Future Scenario



3%

36%

61% 7%

38%
55%

BaselineBaseline

Near futureNear future

Future MiningFuture Mining

Bird Community IndexBird Community Index
Central Appalachian Central Appalachian EcoregionEcoregion

Total Area:
7,427,855 acres

Good/ excellentGood/ excellent

AverageAverage

PoorPoor



Percent of remaining forest with timber permitsPercent of remaining forest with timber permits
1992 1992 -- 19991999

Data courtesy of WV Division of ForestryData courtesy of WV Division of Forestry

30% to 35% of 
remaining 

forest under permit 
for logging

BaselineBaselineNear futureNear futureFuture MiningFuture Mining



Data Accuracy cont.
(river reaches)



LDOC concentration (g/m3)
0.002 - 0.162
0.162 - 0.335
0.335 - 0.535
0.535 - 0.808
0.808 - 1.801

Modeled in-stream Labile Dissolved Organic 
Carbon (LDOC) concentrations 

at the FOLA mine site.



Assumed mine footprint

Valley fills

Streams (30 acre FAC)

Streams reaches with a > 25% reduction of 
labile dissolved organic carbon from FOLA 

valley fills



=+

Changes to Ecological Endpoints
Current Rank

(% forest cover)
Future Rank

(% forest cover)

Reduction
in habitat 
area for
interior 
species

Increase
in habitat 
area for 

generalist
species

Proposed mines

&

Changes

Or?



Changes in watershed attributes
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Twentymile Twentymile Creek WatershedCreek Watershed



Cerulean Warbler – WV-GAP Distribution Mapping 
Example

Habitat Types Associated with 
Species:
Surface water
Floodplain forest
Cove hardwood forest
Diverse/mesophytic hardwood forest
Hardwood/conifer forest
Oak dominant forest
Mountain hardwood forest Result - Modeled Distribution

Input – Habitat Associations

Input – Range Map

Slide courtesy of Jackie Slide courtesy of Jackie StragerStrager, WV GAP Coordinator, WV GAP Coordinator



Cerulean Warbler Habitat ModelCerulean Warbler Habitat Model

Slope… … … … … … … …Slope… … … … … … … …

Moisture index… … … … .Moisture index… … … … .

Surface curvature… … … .Surface curvature… … … .

Drainage area… … … … ...Drainage area… … … … ...

DEMDEM

Derived data layersDerived data layers Model criteriaModel criteria

Forest cover… … … … …Forest cover… … … … …

GIS datasetsGIS datasets

MultiMulti--spectralspectral
satellite imagerysatellite imagery

<= 61%  and  >= 35%<= 61%  and  >= 35%

< 27  or  < 52 < 27  or  < 52 

Convex Convex 

>= 9 and <= 45>= 9 and <= 45

Deciduous or Deciduous or 
mixed forestmixed forest



Cerulean Warbler Suitable HabitatCerulean Warbler Suitable Habitat
1999 Land Cover1999 Land Cover

Cerulean Warbler Suitable HabitatCerulean Warbler Suitable Habitat
1999 Land cover + Future mine permits1999 Land cover + Future mine permits

Most suitable habitatMost suitable habitat

Less suitable habitatLess suitable habitat

Unsuitable habitatUnsuitable habitat

Mine footprintsMine footprints



Case Example 2: Sprawl

• Predicting sprawl- based on factors of 
impedance and growth

• Managing sprawl: regional, local, site-
specific
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Landscape Analyst Models,Tools, IndicatorsLandscape Analyst Models,Tools, Indicators



Potential Growth- High Density Areas



Hypothetical Goals:
•Characterize and understand the region
•Develop sustainable growth corridors
•Preserve or improve regional ecological 
condition 
•Focus regulatory and non-regulatory resources 
on most pressing environmental conditions
•Measure success
•Involvement of local stakeholders

Regional Strategic Application



Characterize Study Area
First Congressional District



3100000

1350000

900000

1800000

2700000

2250000

450000

Land use/land cover of  First Congressional District
A

cr
es

Land use/Land cover



Density Map Road Density Index

Road Density



Ecological Condition

E c o lo g ic a l C o n d it io n  In d e x
0 .0 7 7  - 1 .3 2 8
1 .3 2 8  - 1 .5 0 5
1 .5 0 5  - 1 .6 7 1
1 .6 7 1  - 1 .8 0 8
1 .8 0 8  - 1 .9 7 4

Good/ Excellent

Average

Poor



Stream Length  Through Human-Influenced Land Uses

Percent Stream Length
0.035 - 0.125
0.125 - 0.167
0.167 - 0.239
0.239 - 0.348
0.348 - 0.894

Deciduous Forest

Mining

Agricultural

Palustrine Wetland

Evergreen Forest

Commercial

Open Water

Watershed Ranking

Land cover 
along streams



Nitrogen 
Export

N itro g e n  E x p o rt  ( k g /h a /y r )
0 -  2 3 2 7 .1 3
23 2 7 .1 3  -  48 7 2 .2 3
48 7 2 .2 3  -  94 3 3 .3 2
94 3 3 .3 2  -  16 9 0 0 .5 3
16 9 0 0 .5 3  -  5 4 7 9 7 .6 5

Phosphorus Export

P h o s p h o r u s  E x p o r t  ( k g /h a /y r )
0  -  4 1 7 .6 9
4 1 7 . 6 9  -  8 7 4 .5
8 7 4 . 5  -  1 6 9 3 .1 6
1 6 9 3 .1 6  -  3 0 3 3 . 4 3
3 0 3 3 .4 3  -  9 8 3 5 . 4 8

roads

Landscape Modeled Water Quality 



Model landscape changes
Case example-First District

Hypothetical new 
developed areas, 
surface mines, and 
timber operations

=
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Changes to Ecological Endpoints
Current Rank

(% forest cover)
Future Rank

(% forest cover)

Reduction
in habitat 
area for
interior 
species

Increase
in habitat 
area for 

generalist
species

New developments, mines, etc.

&

Change



Hypothetical Goals:

•Develop Industrial parks, shopping malls, 
and airport at selected sites
•Preserve or improve ecological condition

Objectives:

•Identify site building constraints
•Identify site specific ecologically significant areas
•Apply appropriate buffers
•Identify and institute mitigation restoration

Local and Site Specific Application
Develop & 

select
alternative 
solutions

Implement & 
evaluate 
selected 
solutions



Fairmont /Clarksburg Corridor

Characterize local 
growth study area



Physical and Economic Development 
Constraints

• Steep slopes (>25%)
• Previously developed land (e.g., residential, 

commercial, mined lands)
• Limited access (few roads)



Environmental Development Constraints

• Riparian buffer zones (30m - 60m)
• Regulated land uses (e.g., wetlands)
• Ecologically valuable forests



Fairmont /Clarksburg Corridor

Characterize local 
growth study area



Development Potential

Undevelopable

Developable

Fairmont /Clarksburg
Land Use

Fairmont /Clarksburg
Steep Slopes Restrictions (>25%)

Fairmont / Clarksburg
Steep Slopes, Land Use, and Ecological Restrictions

Developable
and Ecologically Poor

Fairmont / Clarksburg
Developable Land in Ecologically Poor 

Condition

Potential development
study area



Hypothetical DevelopmentHypothetical Development



Underlying Land Use



Delineate a watershed



Water Quality Modeling



Water Quality Modeling



Flow Direction
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CVI ActionsCVI Actions Interactive MappingInteractive Mapping

CVI’s CVI’s Institutional Knowledge BaseInstitutional Knowledge Base

Knowledge Base

Implement & 
evaluate selected 

solutions


